The effect of partial defoliation of Vitis vinifera L. cv Cabernet Sauvignon on the distribution of photosynthetates, originating in leaves in different positions on the shoot at berry set, pea size, veraison and ripeness stages, was investigated. Partial defoliation (33% and 66%) resulted in a higher apparent photosynthetic effectivity for all the remaining leaves on the shoot. The pattern of distribution of photosynthetates would seem to stay the same between the defoliation treatments. The control vines were found to carry excess foliage. Optimal photosynthetic activity of all the leaves on the vine was therefore not reached.
In South Africa, vegetative growth of vines generally tends to be excessive, mainly because of high temperatures as well as irrigation practices during the growth season. According to Dry & Smart (1986) excessive vigour results from the use of planting material free of harmful viruses, advances in fertilization and irrigation technology and advances in pest and disease control. The concomitant increase in shoot growth and leaf area causes the canopy interior to become dense and to receive insufficient sunlight, which is detrimental to both grape and wine quality (Koblet, 1984; Smart, 1985; Smart et ai, 1985a; 1985b) . Maximum photosynthesis requires a light intensity of ca. 400 W/m 2 (Kriedemann, 1977) . Foliage management therefore becomes a major consideration for the viticulturist and a means must be found by which the full photosynthetic potential of the interior leaves can be exploited.
Many investigators have found that the photosynthetic efficiency of the leaves increases when the size of the photosynthetic source (leaf area) is decreased in relation to the size of the sinks (roots, trunk, shoots, fruits) (Buttrose, 1966; May, Shaulis & Antcliff, 1969; Kliewer & Antcliff, 1970; Kriedemann, 1977; Hofäck-er, 1978; Johnson, Weaver & Paige, 1982) . The contribution of leaves of various physiological ages to vegetative and reproductive growth in relation to leaf area at different developmental stages during the growth season must, however, be determined before any recommendations to reduce excess vegetative growth can be made.
This investigation was done to determine the effect of leaf area of Cabernet Sauvignon on the movement of photosynthetates, originating in leaves in different positions on the shoot, at berry set, pea size, veraison and ripeness stages.
MATERIALS AND METHODS

Experimental vineyard
Details of the experimental vineyard used as well as the methods for application and determination of radioactivity were given by Hunter & Visser (1988) .
Experimental design
The experiment was laid out as a completely randomized 3x3x4 factorial design. The three factors were: defoliation treatments, applied to the whole vine (0%, 33%, 66%); application of 14 CO 2 to three positions on one shoot per vine (apical, middle, basal); and developmental stages (berry set, pea size, veraison, ripeness). The defoliation treatments were initiated from approximately one month after budding, while the 14 CO 2 treatments were applied at each of the four developmental stages. There were nine replications, comprising onevine plots, for each of the 36 treatment combinations.
Defoliation treatments
Defoliation treatments consisted of removing the first leaf out of every three leaves (33%) and removing the first two leaves out of every three leaves (66%) starting at the basal end of the shoot. All shoots, including lateral shoots, were treated likewise. Defoliation percentages were maintained until each sampling stage, i.e. leaves emerging after the initial defoliations were removed in the same manner as described above at approximately monthly intervals.
Statistical analyses
A standard VORI factorial statistical software package was used to test significant differences among treatment means. Log transformations, to compensate for heterogeneity of variance, were done on the raw data.
RESULTS AND DISCUSSION
Percentage activity
This was calculated as follows: Total l4 C-activity of the parts concerned was calculated on a mass basis and subsequently expressed as a percentage of the total activity of all the parts of the shoot.
Treated part included: From Fig. 1 it would seem that no major differences in the course of translocation of labelled photosynthetates occurred between defoliation treatments at any of the developmental stages. The impression is that translocation of radioactivity has not progressed very far after 24h for all defoliation treatments. Irrespective of leaf position, application of 14 CO 2 at veraison stage nevertheless resulted in a prominent accumulation of photosynthetic products in the bunches. Partial defoliation resulted in an increased translocation from the 14 CO 2 -treated part and a concomitant higher accumulation in the bunches at veraison. The basal leaves strikingly contributed the most to the bunches, regardless of degree of defoliation and developmental stage of the vine.
Treated part excluded:
By excluding the treated part, the distribution pattern and site of accumulation of I4 C become more pronounced (Fig. 2) . No definite relationship between degree of defoliation and accumulation in either reproductive or vegetative organs exists.
Total activity
The effect of defoliation and developmental stage of the vine on the total l4 C-activity of each treated part, expressed in kBq, is depicted in Table 1 . The approximate total activity per shoot, over all four developmental stages, for the 0%, 33% and 66% defoliation treatments, amounts to 949, 846 and 801 kBq, respectively. Because no significant differences in the accumulation and distribution patterns between the defoliation treatments could be found ( Fig. 1 & 2) , the total l4 C-activities (Table 1) can be assumed to provide an indication of the differences in total photosynthetic activity between the defoliation treatments. Considering the fact that the remaining leaf areas of the 33% and 66% defoliation treatments were considerably less (approximately 74% and 54%, respectively) than that of the 0% defoliation treatment (Table 2) , it is clear that the remaining leaves of the partially defoliated vines were proportionally photosynthetically more active, especially those of the middle and basal parts of the shoot (Table 1) . It would therefore seem that the remaining leaves of the partially defoliated vines were able to compensate adequately for the loss of leaves and that partial defoliation can be safely applied in practice. Furthermore, the application of partial defoliation can be advantageous due to an improved aeration of the canopy and an increased light penetration. These ad- vantages may be beneficial with regard to pest and disease control, accumulation of colouring compounds in the grapes, and fruitfulness of the basal buds in the following season. The marked increase in photosynthetic activity of the apical leaves at ripeness stage possibly concentrated photosynthetic products for the regrowth of shoot tips.
Specific activity
Specific activity: From the specific activity (kBq/g dry mass) it is evident that the photosynthetic activity of all parts decreased during the growth season (Table 3) . This probably resulted from an increased senescence as verified by the decreasing moisture content of the leaves (Table 4) . In order to remain biochemically active, vine leaves need to maintain a high moisture content (Kriedemann, 1977) . The concomitant decrease in specific activity in the bunches (Table 3) probably resulted from the former as well as berry growth. The effectivity of the leaves of all defoliation treatments decreased as they were progressively situated deeper into the canopy, thus receiving less light ( Table 5) .
The remaining leaves of the 33% and 66% defoliation treatments prominently demonstrated the highest photosynthetic efficiency, irrespective of leaf position, especially during the early developmental stages of the vine (Fig. 3) . Considering their significantly lower total leaf area (Table 2) , it seems that the full photosynthetic capacity of the leaves of the control vines was not used (also Table 1 ). This is in agreement with previous reports about the source : sink relationship (Buttrose, 1966; May et al., 1969; Kliewer, 1970; Kliewer & Antcliff, 1970; Kriedemann, 1977; Hofacker, 1978 : Scholefield, Neales & May, 1978 Johnson et al., 1982) . However, this finding may also be linked to that of Smart (1973) , namely that the exposure of specific leaves to direct light may be of more importance than total light interception in determining yields of vigorous vines.
TABLE 5
The effect of defoliation and leaf position on the distribution of 14 C-photosynthetate, expressed as specific activity in kBq/g dry mass. Activity/leaf area (BqxKyicm 2 ): This activity again verifies the much higher photosynthetic activity of the leaves of the partially defoliated vines, generally increasing with degree of defoliation ( Table 6 ). The higher photosynthetic activity of the leaves of the 33% and 66% defoliation treatments could have resulted from a decrease in source capacity, which caused the leaves to photosynthesize more effectively to supply the needs of the vine and/or from a more efficient penetration of sunlight. However, assuming that the apical leaves received the same quanta sunlight and still showed marked differences between defoliation treatments, it can readily be accepted that the differences in photosynthetic capacity mainly resulted from the former. It must, however, be stressed that sunlight exposure could have made a larger contribution for the leaves situated deeper into the canopy.
Regardless of degree of defoliation, the apical leaves demonstrated the highest photosynthetic efficiency (Table 6) . Although a significant decrease in photosynthesis of the apical leaves was observed up to veraison stage, it is again evident that activity significantly increased at ripeness (Table 7) . In contrast to the apical leaves, very low activity was generally detected in the bunch leaves, verifying their poor capacity as sinks. This was possibly due to senescence as well as insufficient penetration of sunlight, especially in the case of the control vines, as is evident from the higher mean TABLE 6 The effect of defoliation and leaf position on the distribution of 16.69-31.46-3,06-B 163,20-167,34-190,21' 45,24 radioactivity found in the partially defoliated vines (Table 6 ). The very much higher photosynthetic activity of the partially defoliated vines suggests that reserves would still be sufficiently provided for growth and development during the next season. This is important for the general well being and continued productivity of the vine.
CONCLUSIONS
The partial defoliation treatments proved to be successful in increasing the photosynthetic effectivity of all the remaining leaves on the shoot. The translocation and distribution of photosynthetates apparently did not differ between the defoliation treatments. That probably resulted from the even distribution of the remaining leaves of the partially defoliated vines. The locations of sinks on the shoot were therefore unaffected by the partial defoliation. However, increases in the amount and growth of lateral shoots might have created additional and/or emphasized existing sinks.
From the results obtained it is proposed that the control vines carried excess foliage, which readily inhibited optimal photosynthetic activity of all the leaves on the vine. As a result accumulation of photosynthetates in the bunches was reduced. It can be argued that the leaves opposite and below the bunches of such vines be removed at veraison stage and that the shoots be positioned on the vine and trellis in such a way as to allow optimal exposure, especially of the basal leaves, to sunlight. It would also seem that canopy density may be reduced by an even removal of up to 66% leaves at veraison stage without deleteriously affecting yield. On the contrary, it would appear that yield may be increased as a result of defoliation. Partial defoliation would provide maximum photosynthesis of the remaining leaves as well as optimum contribution of photosynthetates to the bunches.
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